The crystallization process of ternary chalcogenide system GeTeSb is studied using Differential Scanning Calorimetry (DSC) and X-Ray Diffraction (XRD). Antimony Sb effect is discussed. It is found that the Ge15.5-xTe84.5Sbx system presents a double phase separation. The eutectic composition exhibits the same behavior but when thermally treated. The activation energy of the process is calculated according to Kissinger method and the results show that the activation energy varies with Sb content. By X-ray patterns, the identification of the crystallized compounds show that Tellurium Te crystallizes first with 1.8 eV then (Te+GeTe) with 2.1 eV.
Introduction
Chalcogenide glasses exhibit photo-induced properties which allow them to be well-used in storage media (S. M. El-Sayed et al. 2007 ). These glasses have a relatively high atomic mass and weak bond strength resulting in lower phonon energy than other glasses; in consequence, they are highly transparent for light in mid-infrared region (P. Sharma et al. 2009 , V. Pamukchieva et al. 2009 ). Chalcogenide glasses of GeTeSb system have received much consideration because of their interesting applications in modern technology especially in recording domain (F. H. Wu et al. 2003) and the possibility to prepare electrical and storage memories (D. H. Kang et al. 2003 , N. Yamada et al. 1987 , K. Uchino et al. 1993 . In this work, we study some different compositions of GeTeSb system by Differential Scanning Calorimetry (DSC), the activation energies of crystallization are calculated and we show the thermal effect on different X-Ray Diffraction (XRD) traces. The effect of Antimony (Sb) content in the system is discussed.
Experimental Setup
The preparation of alloys was in two steps. The three elements (99.999 % purity) were weighted in suitable quantities and introduced in a quartz ampoule and sealed in vacuum of 10 -5 Pa. Then, the ampoules were placed in a horizontally rotating oven and annealed at 1000 °C for 3 hours.
The ampoules were finally quenched into ice-cold water to avoid crystallization. After breaking the quartz ampoules, amorphous nature of these alloys were verified by X-Ray diffraction (XRD) technique. The XRD spectra do not contain any prominent peak, which confirms the amorphous nature of the samples.
Results and Discussion

Theoretical basis
The study of the crystallisation process under non-isothermal conditions is generally based on Johnson-MehlAvrami (JMA) (M. Avrami, 1939 Avrami, -1940 Avrami, -1941 
where x(t) is the volume fraction of the initial material transformed at time t, n is the Avrami exponent and K is the reaction rate constant which is related to the temperature as:
where K 0 is the frequency factor, E a denotes the activation energy for the crystallisation process, k is the Boltzmann constant and T is the isothermal temperature.
One of the theoretical bases for interpreting the DSC results, especially for determining the activation energy, is Kissinger (H. E. Kissinger, 1957 ) method using the highest rate of the process at maximum peak:
Where T p is temperature at maximum peak, dT dt   is the heating rate and E a is the activation energy. Figure 1 shows the typical thermogram obtained for Ge 14 Te 84.5 Sb 1.5 glassy alloy under non-isothermal condition. The presence of two T g and two T c is evident (same remark for all the system Ge 15.5-x Te 84.5 Sb x ) and points to a phase separation in the glassy system, which suggests the formation of more than one crystalline structure during the crystallization process. This phenomenon of double glass transition has been observed in many glass systems (M. A. Abdel-Rahim et al. 2003 -2005 , M. A. Urena et al. 2003 , Shamshad et al. 2002 . The characteristic temperatures i.e., transition glass temperature T g and crystallization temperatures T c are listed in Table 1 for the different compositions of the system. When considering the crystallisation zone in the thermograms, as shown in Figure 2 , it is seen that the two peaks approach when the content of Sb increases and the values of all characteristic temperatures decrease.
Thermal Study
Figure2. DSC of Ge 15.5-x Te 84.5 Sb x system at heating rate of 10 °C/min
The heating rate effect on the sample is seen in Figure 3 for the Ge 14 Te 84.5 Sb 1.5 glass as an example, where the crystallization peaks shift towards high the temperatures when the heating rate increases. For the systems containing 80% at Te, the activation energy increases with increasing Sb content while for 82% at Te it decreases due to high Te content. For the glasses with 84.5% at Te, the average values are 1.8 eV for the first peak and 2.8 eV for the second one.
X-Ray Diffraction
In order to clarify the structural changes which occur during the crystallization process, we used X-Ray diffraction of the partial then the complete crystallized samples as shown in Figure 6 . The system is annealed at a temperature near T c1 leading to the precipitation of tellurium Te in the hexagonal form, which is the same behaviour for the other Te-based amorphous alloys. Then, up to second crystallisation peak (at T c2 ), the system presents the crystallization of the remain vitreous phase (Te + GeTe). While for the eutectic glass, Figure  7 shows the thermal effect on Ge 15 Te 82 Sb 3 X-Ray traces. It is seen a Te precipitation in hexagonal form accompanied by GeTe precipitation rhombohedric structure with no ray corresponding to Sb-based compounds, concluding, according to Moss, that Sb atoms are concentred into GeTe crystals and are not visible in the X-Ray diagram due to their low concentration.
Conclusion
From the thermal study of the Ge 15-x Te 84.5 Sb x glassy system, we found a double glass transition with two transition and two crystallization temperatures, which decrease when Sb content increases except for second transition temperature. The eutectic composition exhibits the same behavior when thermally treated. During the first crystallization peak, and according to the X-ray diffraction patterns, Te crystallization in hexagonal structure occurs with activity energy of 1.8 eV, while during the second one it occurs crystallization of (Te + GeTe) with 2.8 eV. While there are no rays corresponding to any Sb-based compounds.
